This section is intended for the publication of (1) brief reports which do not require the formal structure of regular journal articles, and (2) comments on items previously published in the journal.
I. INTRODUCTION
In their article, Weeks et al. reported on photoluminescence (PL) from nanocrystalline silicon (nc-Si) oxidized at low temperature in oxygen and water with maximum intensity at about 1.65 eV ($750 nm). 1 When about 4 nm sized Si nanocrystals were exposed to water vapor at about 100 C for 8 h, the PL appeared with the highest intensity. For the purpose of the following discussion, the authors reproduce this PL curve from Weeks et al. quote several publications on PL from nc-Si and correctly state that the origin of the PL in different publications is not always clear. In fact, there have been a number of publications on PL from nc-Si, from porous Si (P-Si), and from hydrogenated silicon clusters where the origin of the PL, as well as the post-treatment of the sample after their preparation, has not been unambiguously documented. In some cases, the PL appeared only after several days of the exposure of the samples to air. In this short note, we shall only show that the PL from nc-Si/SiO 2 nanocomposites and that from silanols Si-O-H have different spectral distribution and also different characteristics. Whereas the PL from nc-Si/SiO 2 nanocomposites has a maximum intensity at about 1.5-1.6 eV (around 800 nm), the PL from the silanol appears as a broad feature with a maximum around 2.8-3 eV (see Fig. 1 ). The PL from alanols Al-O-H shows a similar behavior. We further briefly summarize the optoelectronic properties of nc-Si imbedded in a SiO 2 matrix including the question of possible size dependence of the energy and intensity of the PL emission.
II. PHOTOLUMINESCENCE FROM nc-Si/nc-Si/SiO 2 
NANOCOMPOSITES AND FROM SILANOLS AND ALANOLS
The PL from nc-Si/SiO 2 nanocomposites-where silicon nanocrystals of a size chosen between about 2 and 10 nm are imbedded in SiO 2 matrix, shown in Fig. 1 as black dots-has been obtained from thin films of nc-Si prepared either by chemical transport in hydrogen plasma or by plasma chemical vapor deposition from silane diluted with hydrogen at deposition temperature chosen between about 70 and 300 C, and controlled substrate bias (see Fig. 1 in Ref. 4 and Figs. 1 and 2 in Ref. 5 ). The deposited nc-Si films have been controllably oxidized in 99.998% pure oxygen at 870-1200 C for different times, followed by post-treatment in forming gas at about 350-450 C. 2, 3 Treatment in forming gas (4-10 vol. % H 2 in ultrapure N 2 ) is a standard procedure used in the semiconductor industry to reduce defects, e.g., in the gate oxide (e.g., Ref. 6) . The oxidation of the as deposited nc-Si occurs within the grain boundaries uniformly through the whole thickness of the films. By an appropriate choice of the deposition temperature, substrate bias, and oxidation temperature and oxidation time, we were able to prepare nc-Si/SiO 2 nanocomposites with crystallite size controlled between about 2 and 10 nm, and a well-defined separation between the Si nanocrystals in the SiO 2 matrix. The latter is important because only when the separation is sufficiently large, i.e., !1 nm, the PL intensity is high. For example, for a crystallite size of about 2-2.5 nm, the PL intensity decreased by 2 orders of magnitude when the average distance between the Si nanocrystals decreased from >1 nm to few tenths of nanometers, because the wave-functions in different nanocrystals overlap and the quantum confinement was lost (see Fig. 2 in Ref. 7) . For a given crystallite size and large separation between the Si nanocrystals, the PL intensity has been optimized by controlled oxidation and annealing in forming gas (see, e.g., Fig. 1 
in Ref. 2).
We refer to our earlier papers for further details of the controlled preparation and processing of the nc-Si/SiO 2 nanocomposites. 2, 3, 5, 7, 8 The spectral distribution of the PL from the nc-Si/SiO 2 nanocomposites and the position of the maximum intensity, shown in Fig However, the intensity of this PL increases with decreasing size of the nc-Si as expected from the quantum confinement model (e.g., Ref. 16 ) and shown in Fig. 2 of Ref. 2 , and in more detail in Fig. 6 of Ref. 5 . Therefore, this PL has been attributed to a combined process involving the photon adsorption in nc-Si [which follows the quantum confinement dependence regarding the increasing transition probability with decreasing crystallite size (see Fig. 4(a) in Ref. 15 and Fig. 6(a) in Ref. 5 ) and bandgap as shown in Fig. 2 ] followed by fast energy transfer to the nonbinding oxygen hole centers (NBOHC) in the SiO 2 matrix from which the PL occurs. This mechanism has been confirmed by the measurements of the corresponding electron spin resonance signal, which scales with the PL intensity (see Figs. 4 and 5 in Ref. 17) , and further substantiated by theoretical density-functional based tight-binding molecular-dynamics and semiempirical molecular orbital calculations. 18 Therefore, there is little doubt that the "red" PL with peak intensity around 1.6 eV (black full symbols in Fig. 1 ) is from NBOHC and not from silanol groups. We suggest that also the PL reported by Weeks et al. (red asterisk in Fig. 1) is of similar origin, may be from different defect sites, but not from silanol groups, because of a different spectral distribution of PL from silanols, as will be shown now.
We became interested in the PL from silanol groups because, in the course of our studies in early 1990s, when one coworker has found that upon a storage of the nc-Si and nc-Si/SiO 2 samples in laboratory air, a green-blue PL appeared whose intensity increased with the time of the storage (see Fig. 2 in Ref. 19 and the discussion therein). Such PL has been observed also by several other groups, and it has often been attributed to quantum confinement in nc-Si. We shall not discuss this issue further here.
To avoid artifacts due to poorly defined handling of the samples, we conducted a systematic study of this PL following the known adsorption and desorption behavior of water on silica and other oxides. [20] [21] [22] [23] The PL from silanol groups is the broad feature in Fig. 1 with the maximum intensity around 2.8 eV.
We shall now briefly summarize the evidence: The open circles in Fig. 1 show the PL from nc-Si/SiO 2 nanocomposites prepared by oxidation of nc-Si films (deposited by plasma CVD at 82 C) in pure oxygen at 870 C for 3 min, and subsequently treated in ultrapure boiling water for 5 h followed by annealing in forming gas at 350 C for 1.5 h. 8 The red full squares is the PL from finely dispersed SiO 2 , and the open black diamonds is the PL from Al 2 O 3 , both oxides treated in water and forming gas in the same way as the nc-Si/SiO 2 nanocomposite (see Fig. 2 
in Ref. 8).
When the treatment of nc-Si/SiO 2 nanocomposites in oxygen, water, and forming gas has been repeated several times so that nc-Si was fully oxidized to SiO 2 , the PL at about 1.5-1.6 eV (which originates from nc-Si/SiO 2 nanocomposites with the NBOHC) vanished, and only that from the silanols persisted. 8 The PL from silanols (full magenta squares in Fig. 1) and alanols (open diamonds) showed polarization memory (see Fig. 9 in Ref. 8) , indicating that the photon absorption and emission occurred from the same sites, i.e., Si-O-H and Al-O-H groups. It should be pointed out the PL from alanols has been reported by Jeziorowski and Kn€ ozinger already in 1997. 24 The PL from silanols and alanols showed also similar behavior upon annealing in forming gas after the SiO 2 and Al 2 O 3 samples have been boiled in ultrapure water: after the treatment in water, i.e., without any annealing, the PL was very weak because the physisorbed water was covering the Si-O-H and Al-O-H groups. Upon annealing in forming gas above 120 C, where desorption of the physisorbed water begins, 20 the PL intensity strongly increased and reached a maximum after annealing at about 450 C. Upon further annealing at higher temperature, the PL intensity deceased due to desorption of the chemisorbed OH groups until it vanished after annealing above about 600-650 C where all OH groups were removed (see Fig. 5 in Ref. 8) . The measured decay time of this PL has been in the range of several nanoseconds, comparable with the decay time of the laser available to us at that time (see Fig. 6 and Table 1 in Ref. 8) .
Although the sample preparation and handling has been done under ultrapure conditions as used in the semiconductor technology (see Ref. 8, Sec. 2), we wanted to be sure that the PL is not due to some impurities, because organosilicon compounds, which might be formed by interaction of Si with hydrocarbons from air, show very intense PL of high quantum efficiency (see, e.g., Refs. 25 and 26). Therefore, we used several silica glasses of high purity, such as Pursil and synthetic Spectrosil, as well as Corning 7059 for comparative study. The PL obtained after the same treatment as described above showed an almost identical spectral distribution (see Fig. 1 in Ref. 19 ) behavior upon annealing in forming gas at increasing temperature (see Fig. 3 in Ref. 3 and Fig. 3 in Ref. 19 ) and fast decay time (unpublished results of our group from 1995/1995) as the PL from silanols and alanols shown in Fig. 1 . Furthermore, the same PL has been obtained from ultrapure Al foil, which has been boiled in ultrapure water and annealed in forming gas. Similar PL has also been obtained from ZnO and PbO 2 , 8 spark-processed Si, 27 and ncSi/SiO 2 nanocomposites doped with tungsten. 28 
III. DISCUSSION AND CONCLUSIONS
To summarize, the so called "red" PL from nc-Si/SiO 2 nanocomposites with maximum intensity at photon energy around 1.6 eV is a combined process: the absorption of the excitation light occurs in the Si nanocrystals and it increases with decreasing crystallite size (Fig. 2 of Ref. 2) following the theoretically calculated transition probability between the ground and excited states with the formation of photogenerated electron-hole pairs [ Fig. 4(a) in Ref. 15] . However, the electrons and holes are fast trapped in defect sites in the SiO 2 matrix from where the PL with a spectral distribution independent of the crystallite size of the nc-Si occurs. NBOHC are the radiative centers identified in our samples. 17 Porous Si and Si nanowires passivated by covalently bonded hydrogen show blue shift of the PL with decreasing crystallite size, as expected from the increase of the bandgap (see Fig. 2 ). (Note that Wolkin et al. did not determine the diameter of the porous silicon but adjusted the data (red crosses) to the theoretical calculations of Delerue et al. for Si nanocrystals (dotted line), whereas the results of Zheng et al. (red asterisk) apply to Si wires, which have more in common with the P-Si than the Si nanocrystals considered in the calculations of Delerue. The band gap of our Si nanocrystals imbedded in the SiO 2 matrix has been determined from the measured excitation spectra. 29 Assuming an indirect band gap (i.e., extrapolating the root square of the product to the intensity of the PL and excitation energy, for details see Ref. 29) , one obtains results shown in Fig. 2 as blue full symbols. These data agree very well with the calculations down to crystallite size of about 2 nm, becoming smaller than the theoretical values for a smaller crystallite size. Assuming a direct bandgap (open triangles in Fig. 2 ) results in a good agreement with theoretical calculations for crystallite size 2 nm, where the scattering on the surfaces of the nanocrystals causes the bandgap of silicon to become pseudodirect. Let us mention that also the calculations of Delley and Steigmeier 16 show a very similar dependence as those of Delerue et al. 30 Of course, the assumption of direct band gap yields incorrect results for larger crystallite size, as seen in Fig. 2 .
The "green/blue" PL from O-H groups with a maximum intensity around 2.8 eV has been found in a number of different oxides including SiO 2 , Al 2 O 3 , and others. Its pronounced polarization dependence and fast decay indicate that the silanol and alanol groups are the centers where photon absorption and emission occur. The dependence of the PL of the heavily hydrated samples on the annealing temperature in forming gas agrees with the known reversible adsorption and desorption of water on silica and alumina. The fact that the same PL has been observed from pure silica glasses exposed to the same treatment underlines that this PL is not associated with silicon nanocrystals.
